Introduction: As proxies for actual emergencies, drills and exercises can raise awareness, stimulate improvements in planning and training, and provide an opportunity to examine how different components of the public health system would combine to respond to a challenge. Despite these benefits, there remains a substantial need for widely accepted and prospectively validated tools to evaluate agencies' and hospitals' performance during such events. Unfortunately, to date, few studies have focused on addressing this need. The purpose of this study was to assess the validity and reliability of a qualitative performance assessment tool designed to measure hospitals' communication and operational capabilities during a functional exercise. Methods: The study population included 154 hospital personnel representing nine hospitals that participated in a functional exercise in Massachusetts in June 2008. A 25-item questionnaire was developed to assess the following three hospital functional capabilities: (1) inter-agency communication; (2) communication with the public; and (3) disaster operations. Analyses were conducted to examine internal consistency, associations among scales, the empirical structure of the items, and inter-rater agreement. Results: Twenty-two questions were retained in the final instrument, which demonstrated reliability with alpha coefficients of 0.83 or higher for all scales. A three-factor solution from the principal components analysis accounted for 57% of the total variance, and the factor structure was consistent with the original hypothesized domains. Inter-rater agreement between participants' selfreported scores and external evaluators' scores ranged from moderate to good. Conclusions: The resulting 22-item performance measurement tool reliably measured hospital capabilities in a functional exercise setting, with preliminary evidence of concurrent and criterion-related validity. 
Introduction
One of the primary means for improving hospital disaster planning and preparedness has been the use of drills and exercises to train employees and test hospitals' disaster response capabilities. 1 Hospitals in the US that are accredited by the Joint Commission are required to conduct drills regularly and test their emergency management systems. In addition, many state regulations require hospitals to conduct drills and exercises; for example, the Commonwealth of Massachusetts requires hospitals to participate in exercises as a condition of receiving federal preparedness funding.
As proxies for actual emergencies, drills and exercises can raise awareness, stimulate improvements in planning and training, and provide an opportunity to examine how different public health system components would combine to respond to a challenge. Assessing the quality of the performance in the exercise requires data collection methods that are valid and reliable to allow the ability to establish and maintain effective communications among all appropriate agencies and emergency response personnel during response to a hurricane event; (2) demonstrate the ability to activate, staff, and utilize a hospital EOC to coordinate and support health and medical responses to a hurricane event; (3) demonstrate the ability to identify, mobilize, and manage the resources required to independently sustain hospital operations for 96 hours during a hurricane event; and (4) demonstrate the ability to activate existing regional memoranda of agreement and surge plans.
Participants represented nine different hospitals with average emergency department daily volumes of 162 ±31 patients, and ranging from 140-246 patients. The exercise scenario opened with a fictional Health and Homeland Alert Network (HHAN) announcement from the Massachusetts Department of Public Health (MDPH) alerting all hospitals that there was a category-three hurricane expected to approach the Massachusetts coast in the following 48 hours and urging them to review their provisions for emergency power, staffing, and supplies. Following the initial announcement, the exercise scenario progressed to span two days with the hurricane increasing in strength and making unexpected shifts in its track. Issues such as evacuation of residents, sheltering, traffic control, and establishment of alternate care sites all were tested during the exercise. Participants were expected to respond to the situation based on current knowledge of response procedures, communicating from their own hospitals, and using the plans and procedures developed by the department or agency they were representing. Local exercise debriefings occurred immediately after the exercise at each hospital. Subsequently, a central review was held and was attended, either in person or by conference call, by most participants.
At the end of the exercise and before the reviews occurred, participants were asked to rate their hospital's ability to perform each of the 25 functions listed in the questionnaire using a five-point Likert scale with responses ranging from 1 (very poor) to 5 (very good). External evaluators, one per hospital, also were assigned to independently judge the hospitals' performance using two questionnaires: one identical to the one completed by the participants (first instrument) and another developed for previous exercises focusing on hospital management and communication issues (second instrument). A copy of the two instruments is available in the Appendix. The external evaluators were selected based on their knowledge and experience in emergency preparedness, and their knowledge of the specific plans and organizational structure of the preparedness system tested during the exercise. Specific questions were asked to assess each evaluator's level of training, experience evaluating previous exercises, and years of experience in emergency preparedness. All evaluators selected for this analysis had received previous training from the Center for Public Health Preparedness at the Harvard School of Public Health in the evaluation of exercises, and had significant previous experience in judging exercises. Most evaluators had >10 years of professional experience in public health and/or healthcare emergency preparedness. Additional scoring guidance was not provided to participants; assessment was based on purely subjective judgments. meaningful comparisons across jurisdictions for accountability and to assess progress and guide improvement efforts over time.
Reliability is an estimate of the degree to which an instrument measures a construct consistently when it is used under the same condition with the same or different subjects. Validity is the degree of confidence that the measure being used captures the intended phenomenon of interest. In 2005, Asch and colleagues published a review of preparedness instruments finding overlap in domains and little agreement about what constitutes preparedness or how it should be measured. 2 Since then, several instruments have been developed and used across the US, including the Homeland Security Exercise and Evaluation Guides that, among others, include measures to assess hospital functions. However, no study has proven the validity and reliability of such instruments. The issue of the properties of measurement in emergency preparedness has been addressed only by few. 3 A unique example is a recently published study calling into question the inter-rater reliability and validity of one of the most frequently used instruments, the Johns Hopkins/Agency for Healthcare Research and Quality (AHRQ) drill performance evaluation tool. 4 To fill the gap and increase awareness about the importance of evaluating exercises using evidence-based measures, the authors developed and tested the validity and reliability of a self-assessment performance tool designed to measure hospitals' communication and operations capabilities during a functional exercise.
Methods

Item Pool Generation
A 25-item questionnaire was created through a consensus process by a team of emergency preparedness experts with extensive background in the design, implementation, and evaluation of several tabletop and functional exercises reaching >3,000 first responders. 5 Items were designed to assess coordination, communications, and disaster operations capabilities during a hospital functional exercise. Fifteen items addressed the hospital's ability to establish and maintain inter-agency communication and coordination with federal, state, and local agencies, and other healthcare facilities. Fifteen items addressed the hospital's ability to establish and maintain inter-agency communication and coordination with federal, state, and local agencies, and other healthcare facilities, as well as their capability to the public, interact with the media. Ten items described the hospital's ability to operate in a disaster situation, including assignment of roles and responsibilities, gathering and management of resources, and maintenance of essential functions.
Study Participants and Setting
The study population was comprised of 154 hospital personnel from Massachusetts Emergency Preparedness Region 5 who participated in a functional exercise in June 2008. The exercise was designed to examine and validate the functions of incident coordination, command, and control between hospital emergency operation centers (EOCs) during a fictional severe weather event (hurricane). Specifically, the exercise objectives were to: (1) demonstrate Inter-Agency Communication
Results
Characteristics of Respondents/Communities and Analysis of Missing Values
Of the 210 subjects that participated in the functional exercise; 154 completed the questionnaires. Participants in this sample represented nine hospitals and had leadership positions in >20 different types of services including engineering, finance and administration, registration, home care, hospitality, security, plan operations, spiritual care, volunteers' activities, quality assurance, ambulance and emergency medical services, food supplies, infection control, information and communication, logistics, patient advocacy, and law enforcement. There were missing values for an average of 0.9% on each item; ranging from 0-2.9%. Twenty-four of 25 items had <15% of "not applicable" responses, only these 24 were included in the final analysis. Missing values were replaced with the average value of a given scale when more than 50% of the items of the scale were not missing.
Comparatively, some scoring guidance was given to the external evaluators; during the training phase, they were provided with information regarding hospital volumes and available resources and on the capabilities that were to be challenged during the event.
Statistical Methods
Standard psychometric methods were used to assess internal consistency and inter-rater agreement and employed as measures of reliability. [6] [7] [8] After matching the data by hospital, participants' responses were correlated with those given by the external evaluators using Intra-Class Correlation Coefficients (ICC). Furthermore, the concurrent validity of the instrument was tested by comparing the results of the two instruments completed by the external evaluators (first and second instrument). The statistical analysis was performed using the statistical package SPSS version 16.00 (SPPS, Inc., Chicago, IL The correlation between the two comparable domains related to communication capabilities ("with federal and state agencies" and "with local agencies and the public") was stronger (r = 0.68; p <0.001) than between less comparable ones such as "operations" and "communication with federal and state agencies" (r = 0.47; p <0.001) or "operations" and "communication with local agencies and the public" (r = 0.61; p <0.001). To evaluate construct validity, the correlation of the measure being evaluated with other variables that are known to be related to the construct purportedly measured was examined, namely indicators of hospital structure that are considered related to operational capabilities: average daily emergency department volumes and hospital level-2 surge beds. The average daily emergency department volume was used as proxy for the demand that would occur during a large-scale event (assuming the hurricane would affect the geographic areas served by the hospitals with similar intensity) and an indicator of surge capacity was created by calculating the ratio of hospital level-2 surge beds to the average daily emergency department volumes for each hospital. This ratio was categorized as "low" or "high" based on whether it was ≤ or >20%.
Hospital Surge Capacity-A crucial part of community disaster preparedness planning is a healthcare system's ability to expand quickly beyond normal services to meet an increased demand for medical care in the event of a largescale emergency. Such ability depends on the availability of qualified personnel and their ability to perform tasks assigned to them. 10 It was hypothesized that hospital operations capabilities were related to a hospital's ability to increase surge capacity. Hospitals in the higher category of surge capacity performed better in terms of operations capabilities (mean value) compared to those in the lower categories ( Figure 1 ).
Concurrent Validity-In order to test concurrent validity, the external evaluators' results, collected using two different questionnaires (first instrument and second instrument), were compared. Scales belonging to different instruments but used to assess similar constructs were compared. The agreement was moderate between "communication with federal and state agencies" (first instrument) and "inter-agency communication" (second instrument) (ICC = 0.54) and good between "operations" (first instrument) and "hospital management" (second instrument) (ICC = 0.74). These results support the concurrent validity of the newly developed instrument.
Discussion
Drills and exercises can provide a useful opportunity to assess components of a health system's preparedness, 5 but their utility in this regard depends on having valid and reliable measures. Several scales for assessing preparedness
Empirical Scale Development
Data derived from all 154 subjects who completed the instrument were determined suitable for principal components factor analysis by inspection of the anti-image covariance matrix, Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy, and Bartlett's Test of Sphericity. The KMO value was 0.88 (satisfactory value). The Bartlett Test of Sphericity, which tests for the presence of correlations among the variables, was significant (p <0.001), indicating that the correlation matrix was consistent with the hypothesis that the measures were not independent. A three-factor solution (which accounted for 57% of the total variance) was parsimonious, had a simple structure, and could be meaningfully interpreted. Factors were defined by items with factor loadings >0.40. Of the original 25 items, 22 met the criteria. (Full item wording and corresponding factors loadings are in Table 1 ). One item was dropped because of a high percentage of "not applicable" responses (>15%) and two items were not included in the final instrument because of similar factor loadings in multiple factors. The first factor consisted of 10 items and accounted for 40% of the total variance. All 10 items were related to disaster operations capabilities. The second factor consisted of six items and accounted for 11% of the variance. All six items addressed hospitals communication capabilities with federal and state agencies. The third factor accounted for 6% of the variance and was comprised of six items describing the hospital's ability to maintain adequate communication with local healthcare facilities (hospitals, long-term care facilities, community healthcare centers) and the public.
Reliability and Validity
Internal Consistency-Cronbach's α coefficient was calculated for the three summary scales based on the factor analysis, as well as for the total summary score based on all 22 items. The overall measure of internal consistency for the summary score was 0.92. All scale α coefficients were 0.83 or higher: operations (α = 0.88), communication with federal and state agencies (α = 0.83), communication with local agencies and the public (α = 0.83). These results indicate that for each of the three domains, questions within each domain were correlated with one another and had robust internal consistency.
Inter-Rater Agreement-In the field of emergency preparedness, the use of external evaluators has been proposed as an evaluation method to assess organizational and system capabilities; a sort of "gold standard" compared to selfassessments. For this reason, group-level correlations between self and evaluator ratings were performed to test inter-rater agreement, and high agreement was considered as evidence of measurement reliability and criterion-validity. Analysis of the external evaluators' judgments indicates substantial variability in the distribution of scores, with values ranging from 1-5 (on a five-point Likert scale) and standard deviations ranging from 0.4-1.3 depending on the item. After matching the data by hospital, the level of agreement between participants self-reported scores and the external evaluators' scores ranged from moderate to good depending on the scale: operations (ICC = 0.43; mod-Inter-Agency Communication (2) ability of the controller and facilitators to conduct the exercise; and (3) professional role, level of participation, training, and experience of the participants. The preliminary results demonstrate the reliability of the measurement tool. However, the reliability of a measure is linked to the population in which it is applied. Moreover, validity is strongly related to the context in which the instrument is implemented, which in this particular case, refers to the way the exercise was designed and conducted. Therefore, the reliability and validity of the instrument are context-specific and should be retested if the instrument is used in a setting with characteristics of responders and hospitals that are different from the sample used in this study, or if the context is not a functional exercise. Furthermore, as shown in similar studies, 4 the challenge remains in identifying external parameters to test construct validity. As an experiment, in this study, testing construct validity using a numerical indicator of surge capacity, which is not intended to cover the all construct of surge capacity, but rather, stimulate further research in this direction, was proposed.
Conclusions
A measurement tool consisting of a 22-item questionnaire was developed and found to be a reliable qualitative measure of hospitals' inter-agency communication and operational capabilities in a functional exercise setting with preliminary evidence of reliability, construct, and criterion-related validity. The items cluster in three scales representing the functions of: (1) inter-agency communication and coordination with federal and state agencies; (2) communication with local healthcare facilities; and (3) disaster operations capabilities. The tool can be completed by participants and external evaluators during hospital emergency preparedness functional exercises to identify hospital capabilities in need of further improvement.
have been published, but most have not been validated extensively. One exception is the AHRQ scale, 3 which has been shown to have significant discordance in certain settings, and is too long, limiting its use in unfunded institutions and settings. In this context, the scale used in this study offers a simple, but valid and reliable way to assess disaster functional exercises. These results indicate that this scale may be helpful in broadly assessing hospital performance, especially in the face of limitations of time, staff, and financing.
Limitations
The limitations of this study are similar to those encountered during any evaluation study that uses exercises to assess emergency preparedness. Exercise outcomes are influenced by several factors, including: (1) exercise design; 
